ROYAL  AIRCRAFT  ESTABLISHMENT  FARNB0R0U6H  (EN6LAND)  F/6  9/2 

AN  INTERFACE  BOARD  FOR  M0NIT0RIN6  THE  OPERATIONAL  STATUS  OF  A  L— ETC(U) 


JAN  81  A  P  MILLER 
RAE-TM-SPACE-282 


NL 


DRIC-BR-78184 


TECH.  MEMO 
SPACE  282 


3 ; ; ’  ;  x  ■  v  ** 


LEVEL  ^ 


TECH.  MQiO 
SPACE  282 


80m  AIRCRAFT  ESTABLISHMENT 


dtiq 

Selecte|* 

AUG  1 4  198lll 

E 


AN  INTERFACE  BOARD  FOR  MONITORING  THE  OPERATIONAL  STATUS  j 
OF  A  LINOSCAN  FILM-WRITING  MACHINE® 

y  ^ 


/f  j A.  P. /Miller 

■*  y  L  .  V 

*1 

f  /  f  Janu*ryr*io8i  /  / :  j 

1  /  *-'  ■  I 


;  n- 


v-  / 


■■■ 


V  .  . 


81  7  20  241 


ROYAL  AIRCRAFT  ESTABLISHMENT 


Technical  Memorandum  Space  282 
Received  for  printing  26  January  1981 


AM  INTERFACE  BOARD  FOR  MONITORING  THE  OPERATIONAL  STATUS 
OF  A  LINOSCAN  FILM-WRITING  MACHINE 

by 

A.  P.  Miller 


SUMMARY 

The  design  of  a  computer  interface  board  is  described,  which  monitors  and  controls 
the  operational  status  of  a  modified  Linoscan  204  scanner/ generator ,  used  in  the  produc¬ 
tion  of  photographic  images  from  data  stored  on  computer  compatible  tapes.  . 
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1  INTRODUCTION 

The  UK  National  Point  of  Contact  (NPOC)  with  the  European  Space  Agency's  Earthnet 
organisation  is  a  centre  operated  by  the  Remote  Sensing  Unit  (RSU)  of  Space  Department, 

RAE  Farnborough.  One  of  its  main  functions  is  to  produce  photographic  images  (Fig  l)  from 

-j 

remote  sensing  spacecraft  data,  such  as  Landsat  provides  using  a  Linoscan  20^  film- 
writing  machine  .  The  spacecraft  data  are  stored  on  computer  compatible  tapes  (CCT)  and 
are  read  by  a  PRIME  200  digital  computer  before  transmission  to  the  Einoscan  machine. 

Here  the  data  are  converted  to  analogue  signals,  which  are  used  to  control  cold  cathode 
crater  tubes.  The  light  emitted  by  these  is  passed  through  precision  optical  systems  to 
expose  photographic  film  to  produce  monochrome  negatives. 

The  interface  unit  described  provides  two-way  communication  between  the  Linoscan 
and  the  computer,  enabling  an  operator  to  check  that  all  initial  conditions  are  estab¬ 
lished  correctly  prior  to  commencing  film  production.  In  this  way,  operator  errors  are 
reduced  and  repeatability  of  output  products  is  maintained.  This  reduction  of  errors  and 
improvement  in  quality  is  very  important  to  the  efficient  operation  of  the  NPOC  and  of  the 
associated  UK  RSU,  because  the  available  photographic  facilities  are  always  under  pressure 
to  increase  output.  Consequently,  any  procedures  which  reduce  wasted  effort  are 
beneficial. 

2  SOURCES  OF  IMAGE  DATA 

The  RSU  is  called  upon  to  produce  images  derived  from  many  different  spacecraft  and 
sensors.  These  include  the  following: 

(i)  Seasat  A.  Synthetic  aperture  radar  images  generated  by  digital  processing  at  the 
RAE  of  the  data  transmitted  to  the  ground  station  at  RAE  Oakhanger. 

(ii)  Meteosat.  Images  of  the  whole  earth,  or  of  sectors,  in  the  visible,  infra-red, 
and  water  vapour  emission  regions  of  the  spectrum.  The  data  employed  are  acquired  by  the 
ground  station  at  RAE  Lasham. 

(iii)  Tiros-N  and  NOAA-6.  Images  in  the  visible  ana  infra-red  regions  of  the  spectrum 
derived  from  the  Advanced  Very  High  Resolution  Radiometers  carried  by  these  meteorological 
spacecraft.  The  data  used  are  acquired  by  the  Lasham  ground  station. 

(iv)  Nimbus-7.  Images  produced  by  the  Coastal  Zone  Colour  Scanner  and  acquired  by  the 
Earthet  station  at  Lannion. 

(v)  Heat  Capacity  Mapping  Mission  Spacecraft.  Data  acquired  at  Lannion  from  this 
spacecraft  by  both  day  and  night  are  used  to  generate  images  for  thermal  analysis. 

Despite  this  variety,  the  bulk  of  the  image  generation  and  processing  is  from 

Landsat  data,  so  a  more  complete  description  will  be  given  of  these  spacecraft  and  of  the 

-| 

sensors  carried  by  them.  The  Landsat  satellites  are  a  series  of  remote  sensing  space¬ 
craft  launched  to  survey  the  earth,  from  a  typical  height  of  920  km.  They  are  injected 
into  polar  orbits  with  a  longitudinal  image  swath  from  8l°S  to  8l°N.  The  ground  path  of 
each  satellite  is  repeated  to  within  37  km  every  l8  days  (251  revolutions).  The  space¬ 
craft  carry  on  board  two  remote  sensing  systems: 


- >»•.  wwv-  *---  ***%.«•*;> 


(1)  i  Multi -Spectral  Scanner  (MSS) 

(2)  a  Heturn  beam  Vidicon  (KBV)  sensor. 

The  MSS  scans  the  earth  over  a  185km  wide  swath  and  collects  data  simultaneously  in 
four  spectral  bands,  covering  the  range  from  0.5-1.''  microns,  with  a  spatial  resolution, 
based  on  picture  elements,  or  pixels,  of  SO  metres  x  b>0  metres. 

The  KBV  system  in  Landsat  3  views  the  same  swath  as  the  MSS,  but  covers  overlapping 
adjacent  areas  about  98  km  square  (four  KBV  scenes  will  normally  fill  each  MSS  frame). 

The  RBV  system  consists  of  two  panchromatic  cameras  operating  in  the  0.50-0.75  micron 
spectral  band. 

The  data  are  transmitted  to  the  ground  in  analogue  form,  via  an  S-band  data  link 
(2.7  GHz),  where  they  are  sampled,  digitised  and  recorded  on  magnetic  tape  for  sub¬ 
sequent  processing  and  production  of  images.  The  sampling  rate  corresponds  to  a  pixel 
_i  ■■  u :*  ’  •  s  ruare . 

5  THE  L1N0SCAN  MACHINE 

The  machine  used  in  the  production  of  Landsat  and  other  spacecraft  imagery  is  a  mod¬ 
ified  Linoscan  20 ^  scanner,  which  can  function  either  as  an  ’INPUT1  or  an  ’OUTPUT’  device. 

In  the  ’INPUT’  mode,  transparencies  to  be  ’REAL’  are  mounted  on  a  tranparent  drum  (Fig  2) 
whilst  in  the  ’OUTPUT’  or  ’WRITE’  mode,  films  to  be  exposed  are  mounted  on  an  opaque  drum 
(Fig  ’).  Both  drums  are  connected  by  a  common  shaft  and  belt  driven  using  a  synchronous 
motor. 

When  ’ WRITING ’ ,  digital  data  stored  on  CCTs  are  processed  by  the  computer  and  trans¬ 
mitted  to  the  Linoscan  machine  (Fig  •'*).  The  data  are  converted  to  analogue  form  and  used 
to  modulate  the  brightness  of  a  cold  cathode  tube,  whose  light  output  is  passed  through 
an  optical  system  of  lenses,  and  filters  and  is  focussed  on  to  the  film  to  be  exposed.  As 
the  film  rotates  in  front  of  the  lamp,  so  a  thin  line,  varying  in  intensity,  will  be 
'WRITTEN'  on  the  film. 

The  optical  system  is  mounted  on  a  carriage  which  is  driven  by  a  lead  screw,  and  as 
the  latter  rotate. ,  a  'helix*  of  light  traverses  and  exposes  the  complete  film. 

Films  to  ’REAL’  are  mounted  on  the  transparent  drum  and  illuminated  by  a  small 
halogen  lamp  mounted  within  the  drum.  As  the  latter  rotates,  the  film  is  scanned  by  a 
thin  pencil  of  light  which  spirals  around  the  film  as  the  lamp  moves  transversely  along 
the  drum. 

The  light  tranrcv  tted  through  the  film  is  received  by  a  system  of  prisms  and  filters 
which  separate  it  into  three  spectral  bands,  plus  a  black/white  channel.  These  provide 
inputs  to  photomultiplier  tubes ,  the  electrical  outputs  of  which  are  digitised,  prior  to 
being  processed  by  the  computer  and  subsequently  recorded  on  CCTs. 

THE  COMPUTER  INTERFACE 
:  General  description 

INJ 

Lata  transfers  to  and  from  the  Linoscan  machine  are  controlled  and  coordinated  by 
a  PRIME  series  200  computer,  using  a  General  Purpose  Interface  Board  (GPIB)^,  Fig  k. 
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This  is  a  standard  piece  of  hardware  provided  by  the  computer  manufacturer  to  -'How 
interfacing  with  non-standard  devices,  and  consists  of  a  system  of  dual  in-line  packages 
(DIPs)  mounted  on  a  universal  pin  connector  grid  contained  within  a  standard  computer 
module. 


Functionally,  the  CiPIB  contains  two  discrete  sections: 

(a)  A  prefabricated  and  tested  logic  system  which  provides  the  user  with  appropri¬ 
ate  data  and  timing  signals,  details  of  which  are  given  in  Ref  3. 

(b)  Special-to-purpose  interface  logic  designed  by  the  user  (SPIB). 

4.2  Special-to-purpose  interface  (SPIB) 

4.2.1  General  operation 

The  function  of  the  SPIB  is  to  provide  two-way  communication  between  the  Linoscan 
machine  and  the  computer,  thereby  enabling  the  operator  to  check,  and  if  necessary, 
modify  the  operational  status  prior  to  commencing  film  production. 

A  block  schematic  of  the  data  highways  is  shown  in  Fig  5. 

Status  data  regarding  bit  rate,  scan  rate  etc  are  loaded  into  the  data  buffers  via 
a  control  pulse,  which  is  generated  by  an  OCP  computer  instruction.  The  buffers  are 
interrogated  by  an  'input  to  A  register'  (INA)  instruction  which  enables  the  data  to  be 
processed  by  the  computer  and  printed  subsequently  on  a  teletype  machine.  When  the  infor¬ 
mation  has  been  checked  and  verified,  the  operator  sends  a  GO  instruction  and  film 
READ/WklTE  commences. 

The  computer  program  for  implementing  these  instructions,  ARTH 1 ,  is  described  in 
Appendix  A,  and  the  actual  program  is  detailed  in  Appendix  B. 

A . 2 . 2  Detailed  operation 

Fig  r  shows  the  circuit  configuration  for  controlling  the  flow  of  data. 


Initially  the  computer  generates  the  nrGc'L  signal  which  is  applied  subsequently 
to  the  CLEAR  input,  Pin  !,  of  FLIP/FLOP  4?S,  retting  its  '<('  output,  Pin  5,  to  a  logic 
'O’ .  The  output  of  NAND  gate,  4 IK,  assumes  a  logic  '  1'  level  which,  via  the  OK  gate 
comprising  units  39E  and  4JE,  drives  the  READY  line  positive.  Thus  all  data  transfers  on 
the  computer  bus  are  inhibited. 

To  commence  data  transfers,  the  computer  acknowledges  the  reception  of  an  INA 
instruction  ana  transmits  signals  PIOXX,  INAXX  and  DFOOXX.  Device  address  signals  DADOb 
and  DADtO,  after  inversion,  are  combined  in  NAND  gate  37E  to  produce  the  UMPOK  signal, 
which  when  asserted  (logic  '0')  connects  the  READY  line  to  the  computer  INFJT/OUTPUT  bus. 

The  generation  of  control  pulse  OCPI766  (Fig  7)  sets  the  'Q'  output  of  FLIP/FLOP 
’*7E,  pin  5,  to  a  logic  '  ' '  and  simultaneously  loads  Linoscan  information  into  the  data 
registers  D  and  E  (Fig  8). 

The  action  of  setting  FLIP/F1X1P  47E,  enables  the  NAND  gate  4lE,  which  in  turn 
lriv°s  the  READY  line  negative,  notifying  the  computer  that  the  SPIB  is  ready  to  transfer 


data  stored  in  r--gistern  b  -m.i  E.  When  lata  transfers  have  been  completed,  the  computer 
supplies  a  ST30b  pulse  which  resets  FLIP/FLOP  4?E,  terminating  the  IUA  instruction. 

further  data  transfers  may  be  executed  by  generating  DATA  STROb  which  enables  the 

whole  sequence  to  be  repeated. 

■  LXuObGAa  STrti  Jij  i.nin 

The  Linoscan  data  point;  to  be  monitored  are  described  in  the  following  sections. 

■" .  '  bit  rate  monitor 

To  accommodate  the  various  data  rates  from  the  remote  sensing  spacecraft,  three 
thumbwheel  switcher,  are  provi  led  on  the  1  i no-scan,  which  can  be  programmed  from 
.  kilo  ;  itr/r.econu  (KoPs).  The  outputs  of  the  switches,  000-999  in  Binary  Coded 

-  eci:;..ai  t.-’CC)  at  TTL  computib:  e  logic  lev'els,  are  fed  into  a  BCD  to  binary  converter 

finite  ITT,  OOF,  h-.F,  !•  i- ,  -F,  b?F)  via  inverters  5 OF ,  SF  (Fig  9),  The  converted  outputs 

••re  applied  to  the  user  data  registers  (Fig  c)  along  the  data  lines  DATA  01+  to  DATA  10+ . 

. 7  Drum  rree  1  monitor 

To  control  the  drum  speed,  a  switch  is  located  on  the  front  panel,  having  two 
positions  FACT/SLOW.  When  in  the  FAST  position,  •,  +r  volt  signal  is  applied  to  the 
•  •  al  (Fig  1  ) ,  as. ;  wi.m  is.  trie  FLsV  position  ■'  volt  is  applied.  These  voltages 

1  polio  a  to  the  interface  board  where,  after  inversion,  they  are  transferred  to  the 
user  iata  re, -is, tors  on  lire-  i.nTA  I  ’+  (rig  ?). 

-  .  The  .  '  swlfcii  monitor 

. dd.D/COAiwjs.  . "site:;  ..hie:;  vari-s  tie-  pitch  of  the  helix  between  two  fixed  sett¬ 
ing- ,  is  locat-'  :  a  s.'a.—nt  to  t h- ■  It-.im  rp.;>/,d  switch  on  the  front  panel.  When  in  the 
F.  toss  i  a  +  ’.  7  1  •  aval  :*u  >  (Fig  1  ) ,  wnieii  is  applied  to  a  M1U  309K 

voltage  regtlla ts r  to  provi  an  output  voltage  compatible  with  TTL  logic.  The  regulator 
is  mount,-;  in  an  .luminiun  :i' cast  box,  -i.l/acent  to  the  switch  terminals  at  the  back  of 
Mi,-,  nanol.  The  regulator  pro  h.-c«*r  -«n  output  voltage  of  '+5  volts'  when  the  switch  is  in 
• ,  :  •  :  •  :  '  v-  •  *  *  he  TAKFK  position.  These  signals  are  applied  to 

td .■  iata  m  sist.-r.  -r.  Tin,-  L>  (Fig  i). 

•  '  ■  ;  in  ;■■■■  '  uu '  u_ 

ir  .•■  is;:  is  th-  nave  given  to  two  parallel  push  button  switches.  One  is 

.  •  •  n  fa  fruit  :  cent  to  the  FAST/SLOW  and  FINE/COARSE  switches,  whilst  the 

its-  :  i  .  .  - 1 c  at  to  tiie  revolving  drum.  When  depressed,  either  switch  will 

rr-.-v-uS.  t f-r-.  ot-tins.  It  is  important  to  monitor  these  switches  since,  when 
t.:.-  Li  nose  n  i.  mer-.tioau ;  ,  th  machine  is  light-tight  and  hence  there  is  no  indication 
-  ■  whet.-s  r  th--  interna !  -witch  is  ieprocsed  or  not.  To  monitor  the  status  of  the 
switch,  a  full  w  .vo  r-'Ctified  voltage,  peak  amplitude  18  volts,  is  available.  This  volt¬ 
's  is  smooth..' i  by  two  ’  ' '  « r  and  a  D..7T  iiF  -apac i tors ,  connected  in  parallel  (Fig  10) 

••n :  ir-  feu  to  a  F.LF.  Ooh  voltage  regulator.  The  resultant  output  voltage  (+5  volts  when 
:rur  ir.  is  9?:'  is  tV-.j  along,  ‘he  line  FATA  1  <+  to  the  user  data  register  (Fig  8). 


a 


The  capacitors;  and  voltage  regulator  are  mounted  in  the  same  diecast  aluminium  box  the 
components  for  the  FIli£/C0AR5E  switch  monitor. 

5.5  Carriage  return  monitor 

The  carriage  contains  the  lights  which  are  used  to  expose  the  films.  The  carriage 
status  is  an  important  factor  to  monitor,  because  if  it  has  not  been  returned  fully  to 
its  initial  position  prior  to  the  commencement  of  writing  a  film,  only  a  portion  of  the 
film  will  be  exposed.  The  monitor  point  for  identifying  the  carriage  position  is  a 
micro-switch,  which  is  connected  to  a  ’+5  volt1  source  when  in  the  forward  position,  and 
'0  volt'  when  in  the  start  position.  The  switch  voltage  is  inverted,  before  entering  the 
data  register  on  input  line  DATA  14+  (Fig  8). 

5 . 6  Lamp  monitors 

There  are  four  lamps  mounted  on  the  carriage,  of  which  1  and  3  are  used  for  the 
generation  of  images.  In  the  event  of  the  lamps  being  left  on  permanently,  in  which  case 
their  lifetime  is  shortened  considerably,  or  not  being  switched  on  initially,  when  no 
negative  is  produced,  the  mistake  is  not  discovered  until  much  later,  after  the  negatives 
have  been  processed. 

The  connections  made  to  the  terminals  of  the  lamp  switches  are  shown  in  Fig  11.  The 
voltage  on  these  terminals  is  '+el  volt'  dc  when  in  the  OFF  position  and  '0  volt'  when 
in  the  0."  position.  To  provide  eomra.'  ible  logic  levels,  the  voltage  is  regulated  by  a 
i.A  :1c  voltage  regulator  to  produce-  C  to  +;>  volts.  The  regulator  output  is  then 

inverted  to  produce  an  output  voltage  of  '+1  volts'  when  the  lamp  is  Cii  and  '0  volt.' 
when  FF.  The  output  is  f e J  into  the  data  registers  along  lines;  DATA  15+  for  lamp  1, 

:  ATA  U+  for  lamp  (rig  8). 

CO.'.’dLodiOliS 

*  computer  interface  has  been  decimal  and  programs  have  been  written  which  enable 
n  operator  to  communicate  with  a  Linoscnn  machine  under  computer  control.  Using  a 
'  rrvtion  ml  answer'  technique,  the  computer  awaits  confirmation  of  correct  operational 
t  tV;;  i  «;".:.!•••  •>  11  .awing  film  kjSAB/Wkli'E  procedures  to  commence.  Thus  operator  errors  are 
me' ;  conri  iornhly,  resulting  in  increased  productivity. 

rtCr.no  w  1  e  d  gnentr- 

?':•  author  wishes  to  thunk  ’’r  L.  Smith,  !’.r  A.  O'Dell  and  Mr  G. 
f  ; ;  'iesussions. 


White  for  many  help- 
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A  DESCRIPTION  Or'  T::L  JSS  Or  THE  .-w\ _l : i  ?;-(0  IRA.  ,  .  _  7  i  _  TP^  .  _Siw^lTPS  Ci-j±FuT 

A. 1  Introduction 

This  Memorandum  is  an  introduction  to  the  use  of  the  ARTH'  program  on  the  Linoscan 
diskette . 

A. 2  Start-up  procedure 

After  switching  ON  the  computer  and  its  associated  peripherals,  the  following  set 
of  instructions  should  be  executed. 

A. 2.1  Insert  diskette  marked  lit. cream  in  drive  1 

The  drive  number  is  on  a  thumbwheel  above  each  drive.  Usually  the  left-hand  drive 
thumbwheel  shows  '2'  and  the  right-hand  one  '1'.  The  drive  labelled  '  i '  is  diskette  drive 
20,  and  the  one  labelled  '2'  is  drive  21.  The  diskette  must  be  inserted  with  the  label, 
outermost  and  facing  to  the  right. 

A .2.2  Set  sense  switches  l!  and  15  in  the  UP  position 

The  sense  switches  at  the  front  of  the  computer  are  numbered  1-l6,  from  left  to 
right.  Each  switch  has  three  positions  'level',  'up'  and  'down'.  Each  sense  switch  will 
stay  in  the  'up'  and  'level'  positions  but  is  spring  loaded  to  return  from  the  'down'  to 
the  'level'  positions  when  depressed.  For  this  step  sense  switches  14  and  15  should  be 
in  the  'up'  position  and  all  others  in  the  'level'  position. 

A . 2 . ?  Set  the  rotary  switch  to  STOP/STEP 

The  rotary  switch  is  on  the  right-hand  side  of  the  computer  control  panel,  and  has 
seven  positions.  The  STOP  light  above  the  rotary  switch  is  illuminated  whenever  the 
rotary  switch  is  set  to  STOP/STEP . 

rt.T.A  Press  and  rel'-ape  MASTER  C .wwnr. 

The  PASTES  CLEAN  sense  switch  is  situated  on  the  left-hand  side  of  the  computer 
panel,  and  is  spring  biased. 

A . 2 . 5  5ot  the  rotary  switch  to  LOAF 

A . 2 . '  Press  and  release  START  sense  switch 

The  START  switch  is  adjacent  to  the  rotary  switch.  It  will  return  on  a  spring 
when  released.  The  text  'PHYSICAL  DEV  will  be  typed  by  the  computer  on  the  teletype. 
This  message  ir  licater;  that  the  computer  is  requesting  a  number  from  which  to  load  the 
operating  system.  As  you  have  put  the  Linosc.an  diskette  in  drive  '  1 '  the  device  number 

is  20. 

So for  to  the  following  example. 

A . ? . 7  Type  20  followed  by  carriage  return  (CK) 

When  you  type  this,  on  the  teletype  the  system  will  be  loaded  and  will  print: 


PRECEDING  PaGE  BUNK-LOT  FIIihLD 
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fkiho3  ii  rev  09/20/77  CAT  070000) 

OK: 

A. I..1'  Turn  the  rotary  switch  to  SUN 

■which  can  be  done  at  any  time  after  the  START  key  has  been  depressed. 
A.2.  1  Tyne  STARTUP  20  followed  by  (CR) 
whence  the  system  will  type: 

OK: 


.-v . '  Type  in  ARTH  ! 

This  will  start  the  program  for  checking  the  setting  on  the  Linoscan,  and  will  then 
print  the  following: 

GO 

IS  THIS  YOUR  FIRST  RUN. 

You  type  in  ’YES’  or  ’70'.  Answering  this  question  will  decide  whether  you  want  to  set 
up  the  initial  conditions  or  use  the  conditions  set  for  the  last  band. 

If  it  iv  you:  first  run,  after  you  have  typed  in  'YES'  the  teletype  will  print: 

TYPE  IE  THE  all  RATE  PLEASE. 

: ou  tyr.-  in:  '  •  '  or  '•••  ’  l  for  example)  followed  by  (CR).  The  teletype  then  prints: 

YO'J  TYPED  IN  >+3t  IS  THIS  CORRECT, 

to  whirr.  r  ply  '  .IIS'  or  '10'  (OR).  If  it  is  incorrect  and  you  wish  to  change  it, 
ww/ir,!-  a.  :  ’ho',  t.v:  t- ietype  will  print: 

1:1 Eh  i:rl  I.h  T:i E  CORRECT  OLE  ,10, 'i . 

h  c  .n  It  th-‘'  input  con  iitionr.  If  '110'  is  answered  to  any  of  the  questions  asked 

in  this  1  '  of  * f.  ••  rrr  t!r  :cve  print  out  will  bo  written.  The  correct  data  is 

Ravine-  input  the  rata  fo-  the  hit  rate  and  checked  it  the  teletype  will  print: 

1R  Id  SPEED?  -  :AST=FAS,  SLOW^SLO. 

.  •  in  ' .  »w  '  o:’  'SLO'  (CR). 


* 


4 

i 


fn--  ;  arator  tr.  n  asks  you  if  what  you  have  just  typed  in  is  correct,  and  now  you 

a  a  chan ,-e  it  or  not. 

■‘■  •t  tie  ■  teletype  wi ;  l  print : 

COARSE  OR  FINE?  -  FIiJE=FIw,  C0ARSE=C0S 
r-T '.y,  then  follow  it  ly  (CR). 


( 
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It  check:-  your  answer,  then  the  teletype  will  r-rint: 

WHICH  LAMPUS )  DO  YOU  RE^U1:\E? 

TYPE  IN  NO!  FOK  LAMP  1,  NO?  FOR  LAMP  'l-v a  EOS  BOTH  LAMPS 

You  answer  this  question,  the  computer  checks,  it  with  you,  then  depending  on  the  answer:, 
you  give,  the  terminal  will  type: 

ASK  YOU  READY? 

You  answer  'YES'  or  ''10'.  If  'YES'  the  computer  will  then  check  all  the  settings  on  the 
Linonc.an  with  what  has  been  input.  It  will  also  check  the  mandatory  switches,  eg  Drum 
Index  and  Carri;  l  Retisrn. 

If  a  fault  is  found,  the  teletype  will  print  a  message: 

eg,  THE  DRUM  INDEX  IS  ON  WHEN  YOU  HAVE  CORRECTED  i'HE  SWITCHES  PRESS  RETURN 

After  correcting  the  switch  the  computer  will  then  check  all  the  nettings  again,  and  if 
another  error  has  occurred  a  further  message  will  he  printed.  ONLY  when  ALL  switches  are 
set  correctly  will  the  teletype  print: 

ALL  THE  SETTINGS  ilAVE  DEEM  CHECKED  AND  ARE  CORRECT 


After  a  pause  it  will  print : 

"**3T 

Or. : 

The  computer  is  now  a  ok  in  the  operating  system,  and  ready  for  use. 

When  the  program,  is  run  again  for  the  next  hand  and  the  teletype  prints: 

IS  Y.ilS  YOUR  ;•  uRSx  rAND 


o  ; 

j-n  t: 

u-;vv:* 

t?  saich  tin 

■  t  y :  * 

v;i  : :  r-int  out  what  your  current  settings  : 

ire 

v;  if 

vo:; 

v.  ,nt  fr.'sa  eh 

:  11:“*.'  •  • 

icsH  . j l‘,  j. . lo  t\ 

.  L  L  hhuij  '  *' 

.  :v.,.  .  SIUlEs  SjiO 
C'.-Y  So.  i  sOi:  sih 

ijilr-i  .a  .  V 

su  YOU  WART  s HEM  CHANGED 

if  yv.  Wifit  to  an,-"  them,  answer  'YES',  then  the  computer  will  ark  you  what  new  bit  rate 
■to  you  want. 

if  you  want  re  k--  r  them  answer  'MG'  then  the  teletype  .-.’ill  print : 

.'v:\ia  lOd  s.Ensu? 

fa  which  you  -insw.-r  'YES '  or  '  NO ' .  Aft<>r  answering  this  question  the  computer  will  then 
us  a:  the  settings  an  the  Line,  can  an  i  print  out  an  error  message, 

S . xumrl-'  on  the  following  pages. 


if  one  is  found 


npDcnll 


r  ::  ioi.v»ni. 


F;\x'.'.OH  li 


A  V  /  '.AT  /  AW) 


1^0 


: ;  AJrt Mr  o )  DO  ;0»:  *\ - -i.  ij  ? 

,  x?.  '.0  ’  r  0 :*  w'iM.r  .*0  r  Or.  ^ru-’F  ^ ,  ;.vT  FOk  MOTH 


;Wj  *:r  x .  . 


-  *  ■ 


liL. .  •  X  l'.  JXo*-'  :M‘.  i  !’  •  •'< ;  LT-. «  *  l- 


■vkF  JOkiMjjr 


W  .  UjV/  tVX*a^'  f\ t 't . 


xo  Muo  iC.  :*.  ;•  ::n...  . 


LAXFS 


1 

I 


f 
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12* 

YOU  TYPED  IN  123  IS  THIS  CORRECT? 
YES 

DRUM  SPEED?  -  FAST=FAS,  SLOW=SLO 
ETC 


5 


)  ' 


I 


Appendix  a 

THE  AxtTHl  PROGriAK 


THIS  PROGRAM  CHECKS  THE  CORRECT  SETTING  OE  THE  SWITCHES  OH  THE  lIHOS'.mH 


INPUT  D  A  T  a  F  R  0  T1  OPERATOR 
SERT  S  YSC  OH  > A  *K£  VS 
LOGICAL  OK 

PEAL  J AA . J B8,  jCC  ,  S J .  6  I  ,  CH 

INTEGER  G.V8/GH.S.SI.SII.JX.Z,JA.je.JC 

CALL  «TCH$*T ' LINO' ■  4,  108000.  feH  V.  ICOOE) 

J  x  -  0 

:--o 

T  ?.  WRIYEv  1 , 55  ) 

55  ►ORHATn  '  IS  THIS  YOUR  FIRST  8 H H D ’  > 

R  £  A  0 1  2  5  6  ^  G  8 
5  8  r  0  R  M  A  T  ■  l  A  c.  > 

1  >• '.  G  B  E  0  'YE')  GOTO  54 
! T i  G8  EQ  1  HO'  >  GOTO  7  1 

A  x.  L  FINAL 

GOTO  70 

7  :  C  ALL  PORCnEt  J  J  A  A  .  JBB  ,  JCC  ,  AUS  .  J  A,  J8  ,  JC  "> 

2  F < ACS  £Q  ' NO '  >  GOTO  72 
5  4  CONTINUE 

«PITEi  1  i  j 

1  FORMAT' ' TYPE  IN  THE  BIT  RATE  PLEASE  '  > 

READ'  i  ■  480;  o 

33  r  ORIfAT:  I  3  •> 

V  C  -  ,1 

call.  PAINvve.CH.JX> 

...  -Grt 

3  --0 

o3  M  F 1  . E  1  7  1 

2  •  OR  HA  Tv ' DRUM  SPEED9  -  FA$T=FaS  .SLOU=SLO) 
jEAD.  .  IBS)  Jha 

80  FOR  Ha  T‘  I  A3  ) 

l  hl  .  Hf  hi  S  E  R  *  S  ■  *J  A  A  •  2  * 

I  FIE  E‘J  0’  GOTO  81 
I  P  L>  G  T  8  )  GOTO  b  0 
Si  COHTIH’JF 

6  w  "  )  H  H 

CalL  CHECK'  81 . 6 J . J X  ) 

J  A  A  a  6  i 

Call  ANSEPv  S ,  JAa  ■  c.  ) 

i  r  v  7  t  u  F  ■'  GOTO  A . 

: f<  s  or  a ;  goto  88 
r ;ont:hue 

j a A  =8  I 

i F  i  JAa  £  0  FAS')  J  A  =  G 
IF'  o  a  A  E  <j  SLO1)  JA=1 

t ; "  s 

A  1  M  9 1  T  E  <  1 ,  3  1 

i  FORMAT.  COARSE  OR  FINE9-  F  I NE  =  F  I N , C 0 mR SE  =  C 0 S '  ) 

READ'  1  ,200  >  J  08 
00  FORNATx  i  A3  1 

CALL  HNSERK  Sr,  JBB  Z> 

I  F<  Z  EQ  0  GOTO  83 
I  F<  S I  GT  0  )  GOTO  v 1 

3  CONTINUE 
8 '=J8B 

CaLL  CHECK  <  81  • 6 J  • J  X  • 

JT;K=PI 
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Csl:.  mMSERUSI  .  B E  :  • 
if,  z  eo  a  •  goto  z« 

IF*  SI  GT  a  )  GOTO  <9  1 
#■»  COM T I  HUE 
J  3B  =  6  I 

IF* JBB  EQ  ■ FIN'  >  03*1 
I F <  J  bB  EQ .  ' COS'  >  J  B  =  0 
SII=B 

62  WRITE*  1. 4  ) 

4  FORMAT' ' WHICH  LUMP1  5  >  DO  YOU  REQUIRE'’ ' 

1  •  TYPE  IN  NO  1  FOR  LAMP  i,N03  FOP  LAMP  316,3  FOR  BOTH  LAMP 
READ!  1  , 380  >  JCC 
300  FORMAT* 1  A3  > 

CALL  AHERI I>  5 II • JCC • Z  > 

IF* Z  EQ  0>  GOTO  35 
IF*  SI  I  GT  0  )  GOTO  62 
35  CONTINUE 
3J*JCC 

CaLL  CHECK*  81  -  BJ  -  J.'i  • 

J  CC  =6  I 

Call  hneri I  > .  SI  I , JCC- Z  ) 

I F*  Z  EQ  0  ,  GOTO  8  b 
IF* SI  I  GT  0  >  GOTO  02 
56  CONTINUE 
JCC =6  I 

I F*  JCC .EQ  ' NOl '  >  JC*  1 
:f< jCC  EQ  ‘ NO 3 ‘  <  JC  =  0 
!  F<  JCC  EQ  MU'  )  J C *  3 

0 1,  =  OPEN*  A*  AiURI  T  +A*S«MF ,  '  L  I  NO  FILE  ,  5,  5  •’ 

I  F*  Of  >  GOTO  1313  1 
WRITE*  1,14141; 

’.4  14  1  FORMAT*  '  FAILURE  TO  OPEN  FILE  H  • 

>3:3 1  WRITE* 9,  111  11  >  JA.JB  JC.J-JAA  J 68  JCC 
mil  FORMAT*  311  ,  I  3, 3  A  3; 

CALL  C LOS* A *5) 

“2  CONTINUE 
WRITE,  1  . 5  > 

5  FORMAT*  ARE  vou  READY'’'  ; 

PEAO*  1 ,54321  >  CH 

54  32 1  FORMAT*  1 A2  5 

IF*  CH  EQ  ’  YE'  >  G  0  *  C  S? 

I  F*  CH  EQ  '  NO'  '■  G  0 T  0  6? 

CALL  final 
GOTO  5 

stj  IF*  CH  EQ  'NO')  CALL  uNSERX 

I.  =0 

2b  CONTINUE 

l  r E h t-  Data  f  F(  o  m  lingslan 
Call  r  NTF*  I  » 

I T  =  AND* I  ■ 1  8  23  ) 
i  P=hND*RS«  I  .  18  V-  1  • 

.  11=  AND*  RS<  I  ,  11  >  1  > 
f.'  =  AND>  RS<  I  ,12  ’  •  1  .* 
i h  =  AND*  RS*  I,13>1' 

I  r,  =  ANT><  PS*  I  1  4  >  •  3  ; 

c  compare  data  from  operator  and  linogcan 

IF,  I T  ME  j  ■  GOTO  l  T 
IF,  if  U£  J  k  >  GO  T  0  i  o' 

IF( IM  .  NE  .  JB)  CWTO  19 
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£  i  i  ;  •  GOTH  ;  2 

;  1 1  i  h  £  o  0  ■  cov  o  . 

J  F *  . i C  £ Q  3  j  GOT  0  i? 

I  f<  JC  l<£  10  f  GO  T 0 
:  F<  JC.  £0  1 0  >  GOT  0  30 
?  OUT i HUE 

T  £ <  U-  EO  0  >  GOTO  £  3 

J  M  IE  £0  1  ■  GOTO  2  4 

i  F <.  10  £6  2.i  GOTO  25 
S  COMT! HUE 

PINTOOTS  IF  HNV  INCORRECT  SWI’CSEG 
5  FONT  I  HUE 
iii P  \  T  £  >  1  .  29  > 

?  FOP,MrtT-  •  rtiL  THE  SETTING'S  HmVE  EEEN  C  *£•:»£&  uni'  N  RE  CORRECT  ; 
OUTPUT  ROUTINE? 

*  *  *  *  *  *4*.***|***4>#« 


CwlL  INCRUT-’TX.K  s  s 
; r<  t.:  £o  4  goto  tc 

;  F  <  T  Y  L T  4  >  GOTO  4 ' 

;■<  sir  cr  a  ■  cor.?  4; 

1  J  N  T  ;  N  U  £ 

C-IL  J  0 


•HE  S vi  TIMES  p»£; 


v  ’  0  F 

..  ONT  :  H UE 
' 

.  Fi  K  Ed  1  >  GO  T C  >0 

,  F<  f.  £Q  4  >  GO  T 0  1  j 

1  ~i  K  £0  5  •  GO  •’ O'  7 

C ON T I  HUE 
G  P  I  T  £  (  l  • 

F  ORflhT.  WHEN  V'jU  HuVE  C  OF  Pc'.  T£  i 
R  £  h  0 1  ;  * 

GOTO  2E 
up:  T  £  < 

FOPMhTi • THE  e I r  RnTt  IS  SET  WRUNG'  - 
G  0  T  0  l 
W  P I  T  C 1  J  «  ■ 

FORfltiTi  ’  THE  DRUM  SPEED  IS  SET  WRONG 
GOTO  10 
ulPI  Tt<  1.9' 

FORMAT'  'THE  COURSE  ?  FINE  SWITCH  IS  SET  WRONG'.' 

G  07  0  i  >> 

W  P I T  £  1  i  I0i 

FORMhTi  THE  DRUM  INC- EX  IS  ON  • 

GOTO  1  £ 

WRITE!  1  ,  11  '• 

f  OR  Mh  T 1  THE  CWRRInGE  HhS  NOT  BEEN  FUEL  V  RETURNED 
GOTO  l£ 

CONTINUE 

I F (  IT  EO  3  .1  COTO  34 

: f«  a-  so  a  )  goto  23 

WRITE*  1  .  12  ■ 

TpptuT*  the  upohu  comp  ip  "w i a: nec-  on 


PE  Ti. 


1 

i  1  J 

I 

•'A  WHITE!  ) , 

0>  1 

rt  1 
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R  r  a  c  •  r,  .  r  '  u Pi 

f  LHt.'  =.  -  ■  A?' 

C;  P'  i  T  ►  i  )  *4  >  ■  'hPQ*  1  •  -  l  .i  8  • 

3  FORMAT'  40H2  > 

U  ft  I  T  E  <  1  .■  8  >  I  ft  P  1  •  I  ■  J  =  1  40  ■ 
iiftl  TE  i  1,8.'  >  8P;->  J  •  .i  =  i  46  - 
HR  I  T  E  >  1  ■  9  .  •  AK3-  J  ■  -  1  40  . 

G  ft  I  T  E  >  :  .  3  •  •  h  R  a  =  }  4  0  > 

JPI7E‘  1  .  8  .  ■  APS’  ■>  :■  o  ~  1  4fi  ■ 

WRITE*  1, 3  >  •  APE- <  I  >  .0  =  1  40  . 

UPlTEi.  1.8  •  «  ART(  J  -  J  =  1  40  . 

?9  !"  Hi  L  CLOSfrtCi,. 

Cull  CIO;*  A'-  2  > 

PETUPH 

EMC 

SMS  POO  TIN£  PG'JiH-  itivH  I  5 E  T  > 

>  .  -  E  ft  T  >  Y  5  COM  '  A  *  ft  E  7  S 

LOGICAL  Of. 

Cf.  =  OPEMf  A<  OJPEA&  +  AJS  AHF  .  HfiO  ft  OS  MUM  •!  1  ■ 

I  F<  OK  >  GOTO  1 
0  W  P  l  T  £  i  i  2  ' 

2  FORMAT-  ■  ftp  I  LOPE  70  OPEN  ft 9  5HUM  > 
l 5ET= 1 
GOTO  a 4 

:  READ'  -  *  •  I  HUM 
: A J A , i HUM* 1 

aLL  C-LC'5*  A  3 

s-C-E  ?*!*«•  4  J  HP  1  *  -  -  i -V  H  II  r  L’lH-  ft  OS  MUM  *.  I  3  .< 

;  y '  ok  go  to  4 

GOTO*’ 

4  ‘4 ft  !  T £  .  7  3'  I  HUM 

EORHhT  I  3  ’ 

CalL  C  L  0  S  *  A  >  3  ' 

. M JM -  1  NUN-  i 
2  9  RET  Oft  N 
EMC- 

CaBRu.'TINE  INCftHT-  TX  K  .  3  •  £  I  31!  ..  4  • 
t  *'  S  E  f  T  S C  OM  •  A  *  1'E  '-’5 

logical  ok 

0  *•  =  OP  E  N$  n<  A  t  S'  E  A  *  a  *s  m  :ift  ■„  <  no  h  C  0  T  •  ■’  >i  * 

IF  •  C fc  >  G 0 T 0  : 

5  A  R  i  T  E  *  121 

>  FORMAT'  ’ ft  A  1 1 0  P  F  TO  OPEN  POOH'* 

:?!;.=  l 
GOTO  99 
.  ft  £  At'  8  *  :•  T:% 

*  1 

:  Ft  K  EO  0  •  GOTO  1 
IF.,  Y.  GT  0.'  GOTO  3 
IF.  5  GT  0>  GOTO  3 
I  F <  3 :  GT  0'  GOTO  k- 
;  F ' 5 1  I  G  T  0 )  GOTO  8 
if  I  )y.  G  T  0  .  GOTO  V. 

T  V  _  c 

L  ONTINUE 

;  ft'.  T:,'  lE  Si  G'TTy  • 

7  CONTINUE 
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L  2  0  S  R  A  •  4  • 

■  a f: P  £  i(tm  n$UP.r  ~***i  utiF  '  „  IN 0  AfOM  '  4  • 

: t  <  3H  >  GOTO  4 
GOTO  5 

4  lit1!  T£‘  ,  3  '  T  •; 

x  FORMAT  I  3  ' 

;.hLL  GUOS*  rti  4  ; 

T  :  =  TK-  1 

IF (K  L  E  0 '  RETURN 

7(1000  CONTINUE 
a9  PETIJPN 
F.  NO 

•SUE ROUTINE  CHECK'  £  i  •  £&  J 
PEAL  V  A  I  .80  PI  ■  C  HR 

integer  J X 

WRITE;  I  .  1  >  B  j 

i  FORMAT.  YOU  T  •  R  E  I»  IN  .  \  u3  1  '••  "HI  j  CORi'E 
READ*  1  13  1  YA  I 

■  3  "  0  R  M  H  T  H  2  '* 

IF*  '■  H I  EO  'NO  '  GOTO  20 
IR'YHI  EO  'YE'  GOTO  30 
=  .1  ;•  ♦  ; 

WRITE' 13' 

7  FORMAT'  NUT  i  •  .  •  >  am?*.'£R  YES  0  R  HO 
G  n  T  0  1 

1  a  WRITE  :  2  • 

;  '  =  J  +  1 

r  ORMfj  T  >  THEN  TYPE  In  THE  CORRECT  OttE  HOi 

reho<  i  1 00  i  e  i 

.00  ~ ORMh  T .  1  m3  ) 

I  r  i  B i  HE  By  ‘  PCTnMi 
'••PI  T£>  1 . 21  ' 

1  FORMAT;  YOU  TYRED  THIS  IN  Ih -UmLCY  IS  IT 
READ'  1  22  >  CHR 

2  2  FORMht.  l A2  ) 

•  F<  CNR  EO  '  Kft  '  •  GOTO  .20 
G  0  T  0  2  A 
7  0  E  :  a  B  .! 

_  ^  r  r r  *i  p  n 
E  '<£' 

ivBROUT’NE  Pm  IN'  V  £  G  H  J  ■ 

:n  re  cep  YB-GH.-i:: 

peal  .Ml 

mR I TE .  i  1  VE 

.  f  I'CMA*.  YOU  TYRE  i*  IN  17  '  I c-  thjr  CORF  EC 

R  Cm l"  1  ■  !  3  >  YN  I 
1  3  FORMnTi  a.?  ' 

•P'i-1  EG  Nj  goto  28 

IF*  7-  2  EO  ,E  •  •'.•••to  33 

•.  =  J  ♦  ! 

WRITE1  12' 

>  FORMA  f  HU  T  :  '  '■  '  '  nr;  3 1?  £  R  ,  E  S  C'P  HO 
GOTO  : 

_  3  g»i TE>  1  2  ' 

'  =  I  • '  *  1 

.  FORMAT.  THEN  *'-pp  IN  THE  C  0 P  =  E  •'  t  ..i,E  >. 

KEADC 1,100)  CH 
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. oa  foe  iih :  r  7 

IF-  (in  HE  <'6-  S-EV.IPn 
I  -  RITE!  2 1  ' 

.  :  f-2S'Nh*  VCiii  T'-FEr.  ’’w!  $  I  ft  J  N  I  T  t  fti. 

F  £  H  0  <  1  •  Z  Z  '  r  F  P 
72  FOPHhT. 1h£  - 

IF-frr  Eli  NO  -  ;-:T  23 

goto  ;•> 

:>a  g  h  =  v  6 

ift  RETURN 
E  N[ 

r::RfC!-T  THE  ?  TO  CHECK  -’Hi  ID  ftH  S  WE  PS 


T  c  0  f  ft : 


SUeROU  T ;  me  HH5EF  S  .  ««  .2 
INTEGER  S, 2 

r  F  ft  l,  J  ft  6 

I  F  (  ft  n  £  Q  ’  F  ft  S  '  •  2=0 

I  F<  .Iftft  £8  '  FAS  RETURN 

IF-  ■.!  ft  ft  E  Q  OL  0  •  2  -B 

I  r i  .j ft h  £  Q  3-0  '  '  RETURN 


l  hL  L  F  I  tl  hL 
RETURN 
£  II D 

C  U£:  RC'U  T  t  NE  -INTER!  SI  1 B  B 
I  t.TECER  ?!  •  r 
£  ft  u  .'EE 

.  r  <  E  B  E  Q  FIN  -  2  =  0 
if  i  .j&b  EC  FIN'  -  RETURN 
;  f  (  j£.&  £0  CO  3  ”=C 

I  Ft  ..'ft 8  EO  •CCS’  RETURN 


I  =  t>  -  *  i 
ft  l  0  F  ;  N  ft  l 
f.  ETlJRM 
END 

2  jE  P.  u  1;  T  I  -i£  ftNSPl  i-  S  I  I  CC  2 
;-vEG£R  SI l  2 
f  E  ft  L  ...  7  i 

:  f-  ..if  r.  e a  ■  no  :  >  2=0 

£•  ..!£  C  £i  '  NO  1  ‘  RETURN 

IF'  ..ICC  £ n  NOS  2=E 
I  r  ■  .ICC  £0  'NOS  '  RETURN 
.  F ‘  .ICC  £  0  Its  *  2  =  0 

I  Ft  JCC  £0  U2'  I  SET  urn 

2=2  =  1 
7  II  = S !  I  *  1 
■'.•ill  F  i  H  ftu 
RETURN 
END 

SJEROOTI NE  FIMftl 
i.l  RITE.'  1  .  1  ) 

FORNftT  ’PEPIV  NOT  UNDERSTOOD 
RETURN 
t  NO 
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SUBROUTINE  mnSEP:; 

UP!  TEC  1  ,  1  .. 

i  FORMAT*  •  OK  THEN  PRESS  R  E  T  u  P  t-  *HEN  VO'.  uRE  READ 
READ!  l  ■  *  ) 

RETURN 

END 

C 

SUBROUTINE  POPCHE'  J,  JAA  ,  J8B  .  jCC  -  AUS  ■  >M  J  B  .  J  C  ■ 
tINSERT  SYSCOM >AtKEYS 
LOGICAL  OK 

REAL  JAA,  JBB.  JCC  ,aUS 
INTEGER  J . JA<  J6 . JC 

OK*OPEN*A<  A*READ  +  «*SAMF, 1 L INO: FILE'  . 9. 5 s 
I  Ft  OK  >  GOTO  13131 
URITE*  1.14141  ) 

14141  FORMAT* ’ FAILURE  TO  OPEN  FILE  R  > 

13131  READ*  9  13)  JA  ,  J  8  •  J  C  ■ J  •  J AA ,  IBB  <  0  CC 
13  FORMAT*  311  •  I  3  .  3 A 3 
CALL  CLOSt  AC  5  ) 

WRI TEC  1 ,  1  ) 

1  FORMAT*.  '  YOUR  SETTINGS  ARE'  ) 

WRITE* 1 , 2 >  J , JAA, JBB , JCC 

2  FORMAT*  '  BIT  RATE  '  .13./,  '  DRUM  SPEED  n3  ,'.’CfcF 

1  ,  A3  ,  K  ,  '  LAMPS  ,  A  3  ■  .  DO  YOU  WANT  THEM  CHANGED  ’) 

READ(  1  . 9  >  AUS 
9  FORMAT*  1 A2  > 

RETURN 

Fin 
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Table  1 


CONNECTIONS  TO  OUTPUT  PLUG  ON  LINOSCAN 


1  lhumbwheel  switch  units  1 

2  Thumbwheel  switch  units  2 

3  Thumbwheel  switch  units  3 

4  Thumbwheel  switch  units  A 

5  Thumbwheel  switch  tens  1 

c  Thumbwheel  switch  tens  2 

7  Thumbwheel  switch  tens  3 

8  Thumbwheel  switch  tens  4 

9  Thumbwheel  switch  hundreds  1 

10  Thumbwheel  switch  hundreds  2 

’ '  Thumbwheel  switch  hundreds  3 

ip  Thumbwheel  switch  hundreds  4 

13  Fast/ slow 

14  Fine/coarse 

15  Drum  index 

16  Carriage  return 

1?  Lamp  1 

18  Lamp  3 

19  M/C 

20  Thumbwheel  switch  common 
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Fig.  12  GPIB  plug  connections 
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